Liver cancer remains, despite widespread implementation of screening programs [1, 2] , improvement of diagnostic tools and progress in therapeutic measures [3] , the fifth most common cancer worldwide [4] . In addition, its incidence is rising, especially in countries with an intermediate/low rate of hepatocellular carcinoma (HCC), and despite the great attention to this problem, it is increasing most in highly developed countries [5] .
Many different risk factors (e.g., hepatitis B virus [HBV], hepatitis C virus [HCV], aflatoxins, alcohol, diabetes and nonalcoholic fatty liver diseases) have been implicated in the pathogenesis of HCC. For many of them (e.g., HBV), a direct carcinogenic role has been often suggested (reviewed in [6] ). However, common to all these conditions is the presence of underlying liver disease, characterized by prolonged periods of inflammation, necrosis and regeneration, conditions likely to be able to initiate and then maintain the carcinogenetic transformation in the liver. Indeed, while the risk of developing HCC per year in patients with cirrhosis ranges from 2 to 8%, depending on the different etiologies of cirrhosis, development of HCC in a healthy liver is exceedingly rare [7] [8] [9] .
The other epidemiologic characteristic constantly found worldwide in HCC is the striking prevalence in males, with a male:female ratio averaging 2:1 to 7:1, the latter proportion being more often found in HBV-positive cases [10, 11] . The unbalanced relationship with gender is not limited to incidence; prognosis is also constantly better in females, both in term of spontaneous survival [12] and survival after resection [13, 14] . Menopause attenuates these advantages [15] .
The purpose of this review is to provide an overview of the available data on the role of gender dimorphism in the development of HCC, of the relationship with the different etiologic factors associated with the underlying liver disease and of the general and hormonal mechanisms potentially implicated in its development.
Epidemiology of liver cancer
In most countries, 75-90% of primary liver cancers are HCCs. Cholangiocarcinoma (CC), although rising in incidence in the last two decades, does not account for more than 5% of primary liver cancers [16] . Consequently, trends in liver cancer incidence and mortality tend to reflect trends in HCC incidence and mortality.
Worldwide distribution
The distribution throughout the world is uneven, approximately reflecting, at least for the high-incidence areas, the incidence of the etiologic factors of chronic liver disease. Overall, HBV and HCV infections are causally associated with HCC in more than 80% of cases [17] . High-rate areas for HCC are the countries in eastern Asia and sub-Saharan Africa (which are also hyperendemic for HBV infection). Northern America, northern Europe and Australia are low-rate areas, while central and southern Europe has intermediate HCC incidence.
A relevant finding in the last two decades is the opposite trend of incidence in countries having high or low HCC rate. High-rate areas are observing a substantial and sustained decline: for countries hyperendemic for HBV infection, such as China or Taiwan, implementation of nationwide campaigns for diet modification in order to avoid AFB1-contaminated food and widespread application of vaccination programs against HBV are likely explanations [18] . For countries such as Japan where HCV-related chronic liver disease (CLD) is most relevant, widespread use of effective antiviral therapies with known anti-inflammatory and suggested antitumoral action (IFN) may have been causal in determining decrease in incidence [5] . More surprising is the trend towards increase, which is observed in low-rate countries. In the UK and France, moderate increases in incidence were reported in the last decade [19, 20] ; however, the incidence in the USA, in the same period, has more than doubled, the age-adjusted incidence having risen from 1.4/100,000 in 1975-1977 to 3.0/100,000 in 1996-1998 [16] .
Risk factors
Most of HCCs are associated with cirrhosis. The etiologic factors causing CLD (chronic infection with HBV or HCV, consumption of alcohol, hemochromatosis and nonalcoholic steatohepatitis [NASH]) may therefore be considered risk factors for HCC.
In high-rate HCC areas, HBV (and, possibly, associated AFB1 contamination of food) is the dominant factor, whereas HCV and alcohol are more important factors in low-to medium-rate areas (although NASH and associated conditions are continuously increasing in importance).
HBV
For HBV, a direct carcinogenic role has often been proposed on the basis of the interaction of HBV with the host genome; some of the proteins encoded by HBV (namely, preS/S and HBx) are thought to be able to determine critical modifications of the biochemical pathways that permit extended survival, resistance to immune-mediated apoptosis and growth advantage to modified cells [6] . Indeed, both case-control [21] and cohort studies [22] from Asia and Africa have shown a substantial increase in the relative risk for HCC, often further aggravated by the wide spread contamination of grains by aflatoxin. However, a long-term study of a cohort of HBsAg-positive blood donors followed for more than 30 years has shown that, in the absence of additional risk for chronic liver disease such as alcohol abuse [23] , infection per se is not associated with an increased risk of HCC development, once more emphasizing the relevance of liver inflammation to favor carcinogenesis [24] .
HCV
The same considerations hold true for HCV: meta-analysis of 21 case-control studies has shown that in HCV-infected patients, HCC risk is increased 17-fold compared with HCV-negative controls, but epidemiological data indicate that HCV increases HCC risk by promoting fibrosis and, eventually, cirrhosis. Once cirrhosis is established, HCC develops at an annual rate of 1-4%, although rates of up to 7% have been reported in Japan. Relevant support, although indirect, to the pre-eminent role of cirrhosis comes from a series of studies showing that antiviral therapy with IFN has been able to decrease the rate of development of HCC in sustained responders, not only when started in the hepatitis stage but also when cirrhosis was already established [25] . It is also noteworthy that rate of response to IFN and likelihood of developing more severe fibrosis are characterized by marked gender differences, with males and postmenopausal women being more often and more severely affected [26] .
Alcohol
Heavy alcohol intake (i.e., more than 60-70 g/day) is associated with a high risk of development of cirrhosis and, eventually, HCC. There is strong indication of a synergistic role of heavy alcohol intake with HBV and HCV in increasing HCC risk [27] . It has long been well known that alcohol intake, even in quantities not exceeding 60 g, is able to determine significant liver damage in HBsAg-positive carriers otherwise lacking any sign of significant liver disease [23] . In addition, for anti-HCV-positive subjects, many studies have shown that a daily alcohol intake greater than 50 g is capable of determining more severe histological activity, increased rate of liver fibrosis progression and higher risk of liver cirrhosis and HCC (reviewed in [27] ). However, no convincing evidence exists of a direct carcinogenic effect of alcohol. future science group future science group www.futuremedicine.com Nonalcoholic fatty liver disease In a substantial proportion of patients with HCC, approximately 30-40%, a definite etiologic factor is lacking (cryptogenic CLD). However, many of these cases fulfill the criteria for diagnosis of nonalcoholic fatty liver disease or for its more severe form (NASH). Prospective, unambiguous data exist regarding increased HCC risk in obesity and diabetes, two conditions that are strongly associated with NASH [28, 29] .
Gender differences
The unbalanced ratio between males and females in HCC is a constant finding, present in practically all reported series in the scientific literature. The male:female ratio usually ranges between 3:1 and 5:1, but in selected series [30] or in HBV patients, ratios between 7:1 and 9:1 are not unusual [10, 30] . These ratios are not substantially different in different ethnic groups and are not influenced by emigration in other countries.
The marked difference between males and females is also maintained when considering death rates due to HCC [4] . However, Shimizu et al. have shown that after menopause, the male:female ratio becomes less unbalanced as a consequence of the increased number of HCC cases occurring in older females [31] .
From an epidemiological point of view, a tentative explanation for these findings could be that sex-specific differences in exposure to risk factors such as alcohol intake, smoke and increased iron stores might be relevant. For example, for HBV infection, it has been suggested that response of parents to HBV infection may affect the sex ratio at birth of their offspring, resulting in a higher proportion of males among HBV carriers [32] . Similarly, local traditional practices may explain areas with very high malecarrier rate, as males become instrumental in the transmission of HBV [33] .
However, other elements suggest that a broader approach than simple evaluation of exposure to risk factors is needed. During progression of liver disease of different etiologies, from chronic active hepatitis to cirrhosis and HCC, the male:female ratio becomes progressively more unbalanced, suggesting higher male susceptibility to liver damage [10, 26] . During the natural history of HCV infection, males are also less likely to respond to IFN therapy, have a significantly higher likelihood to progress to significant liver fibrosis independently from age and alcohol intake (although alcohol further amplifies the risk), and have higher risk of early decompensation [26] . All of these clearly indicate that males have a greater risk of prolonged periods of hepatitic activity and have more rapid progression through all stages of chronic liver disease.
The pathophysiologic basis for these events will be analyzed later in this chapter.
Mechanisms of estrogens' action

General overview
Estrogens are steroid hormones that regulate growth, differentiation and function in several different target tissues in the human body. Classical target tissues for estrogens include breast, vaginal, vulvar, endometrial and uterine tissues; more recently, bone, brain and cardiovascular tissue have been reported to be target tissues for estrogen.
Estrogen-stimulated growth requires two estrogen receptors (ER), α and β, which are members of the superfamily of nuclear receptors. These receptors act as ligand-activated transcription factors. Target tissues with reproductive functions display the highest amount of ERs; in addition, nonclassical target tissues, among which is the liver (see next section), have a variable quantity of ERs. In the male organism, ERs can be detected mostly in the epididymis and the prostate.
The classical mechanism of ER action involves estrogen binding to receptors in the nucleus, after which the receptors dimerize and bind to specific response elements (estrogen response elements [EREs]) located in the promoters of target genes (Box 1) [34] . Regulation of ER expression is tissue specific and can be influenced by several factors, such as the type of coactivator or corepressor present in the tissue examined [35] . Binding of the hormone induces a conformational change within the ligand-binding domain (LBD) of the receptors, and this conformational change allows recruitment of coactivator proteins. The conformation of the ER differs with different ligands, such that with tamoxifen the interaction with some of these coactivators does not occur (leading to antagonism) but with others it persists (leading to agonism).
ERs can also regulate gene expression without directly binding to DNA (Box 1) [36] . This may occur through:
• Protein-protein interactions with other DNA-binding transcription factors in the nucleus after ligand activation (gene regulation is affected by indirect DNA binding);
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future science group future science group • Membrane-associated ERs mediate nongenomic actions of estrogens, which can lead to both altered functions of proteins in the cytoplasm and altered gene expression. In this mechanism, the ligand activates a receptor, possibly associated with the membrane (either a classical ER or a distinct receptor), starting a signaling cascade via second messengers (SM) that affect ion channels or increase nitric oxide levels in the cytoplasm, leading to rapid physiological responses without involving gene regulation. Very recently, GPR30 (a member of the G-protein-coupled receptor family of the heptahelical transmembrane receptors) has been shown to be a distinct intracellular transmembrane ER, contributing to normal estrogen physiology as well as pathophysiology [37] ;
• The ligand-independent pathway (nongenomic-to-genomic signaling) includes activation through other signaling pathways, such as growth factor signaling: activated kinases phosphorylate ERs and thereby activate them to dimerize, bind DNA and, finally, regulate genes.
Estrogens, ERs & the liver
It has long been known that the liver is sensitive to the action of estrogens, to which it responds by increasing the synthesis and secretion of several glycoproteins, such as ceruloplasmin, corticosteroid-binding globulin, thyroid-binding globulin and testosterone-estradiol-binding globulin [38] . All types of cells in the liver respond to the action of estrogens (Figure 1 ).
ERα of normal mammalian liver has been extensively characterized: hepatic ERα is a highaffinity, low-capacity estrogen binder similar to those found in classical target tissues [39, 40] . ERα content of normal liver is low (5-15 fmol/mg cytosol protein by ligand-binding assays) and this has prevented immunohistochemical demonstration by conventional techniques. With special fixation and embedding protocols and high anti-ER-antibody concentration, Ciocca et al. have been able to demonstrate that up to 40% of the hepatocytes in normal liver express ER [41] .
Higher levels (although still below the levels found in target tissues) have been reported in male subjects abusing alcohol; this has been interpreted as a possible mechanism for the biochemical feminization observed in alcoholic chronic liver disease [42] . However, this finding has been disputed by other authors using a different method of detection of ERs and studying patients with far more advanced disease [43] .
Regarding ERβ expression, contrasting results are reported in normal or neoplastic liver [44] [45] [46] [47] . Alvaro et al. did demonstrate ERβ in biliocytes in several pathological conditions characterized by reactive or neoplastic cholangiocyte proliferation, suggesting a role for estrogens and their receptors in modulating the proliferative activities of cholangiocytes [44] . However, they did not show evidence of ERβ in hepatocytes. Zhou et al., using improved methodology, did show ERβ both in hepatocytes and in hepatic stellate cells (HSC) [45] , and suggested a possible inhibitory effect of ERβ on the proliferative activity of HSC in the presence of hepatic damage.
The recently described membrane-located G-coupled protein receptor 30 (GPR30), a nonclassic ER involved in rapid nongenomic estrogen-mediated signaling through direct binding of 17β-estradiol [37] , has been demonstrated to play a relevant role in mediating nongenomic effects of estrogens in reducing liver damage after trauma hemorrhage [48] .
From a regulatory point of view, all molecular pathways described previously are also active in the liver [35] [36] [37] .
Gender dimorphism of hepatic metabolism
The liver responds to various types of stress in a gender-related manner [49, 50] . Although the precise mechanism responsible for the gender dimorphism of hepatic metabolism remains to be determined, the level of several different Box 1. Estrogen receptor signaling mechanisms.
Classical mechanism of estrogen receptor actions
• Involves estrogen binding to receptors in the nucleus, after which the receptors dimerize and bind to specific response elements, known as estrogen response elements (EREs), located in the promoters of target genes.
Estrogen response element-independent genomic actions
• Nuclear estradiol-estrogen receptor (ER) complexes associate through protein-protein interactions to a transcription-factor complex that contacts the target gene promoter.
Ligand-independent genomic actions
• Growth factors activate protein-kinase cascades, leading to phosphorylation and activation of nuclear ERs at EREs.
Nongenomic actions
• Membrane estradiol-ER complexes activate protein-kinase cascades, determining altered functions of proteins in the cytoplasm or regulation of gene expression through phosphorylation and activation of a transcription factor.
circulating sex hormones, the differential gender-dependent expression of liver sex-hormone receptors and the pattern of growth-hormone secretion may be involved.
Although the most straightforward mechanism, it is unlikely that metabolic gender dimorphism depends on the different sex-hormone receptors, as no substantial difference has been demonstrated between male and female livers regarding levels of expression or localization of either ER receptor [46] . Therefore, although ERs are important in mediating estrogen action, gender dimorphism is probably influenced by other regulatory mechanisms [51, 52] . With regards to this, there is increasing evidence for an extremely relevant role played by growth hormone (GH). In rodents and, to a lesser extent, in humans, males and females greatly differ in the temporal pattern of GH secretion: these different secretory patterns lead to marked sex differences in liver-gene expression [52] [53] [54] . It has been experimentally shown that pulsatile GH infusion (characteristic of male secretory pattern) is sufficient to masculinize several biochemical pathways, while continuous infusion is sufficient to feminize them. Most striking are sex differences for genes coding for cytochrome P450 enzymes; although more relevant in rats and mice (in which up to 500-fold male/female differences are present), they are also seen to a smaller degree in humans, where they are an important determinant of the sex dependence of hepatic drug and steroid metabolism [55] . The possible implications for liver carcinogenesis will be discussed in the next section.
Estrogens, ERs & hepatic carcinogenesis
Experimental liver carcinogenesis Early experimental evidence in hamster, rat and mouse models indicates that synthetic estrogens (such as estradiol benzoate or 17α-ethinyestradiol [EE 2 ]) may promote liver carcinogenesis after initiation with diethylnitrosamine [56] [57] [58] . The same synthetic substances or the natural estrogens, when administered for long periods of time in the absence of an initiating agent, fail to increase tumor formation, thus suggesting that estrogens, in these experimental models, act primarily as promoters, possibly through stimulation of receptor-mediated cellproliferative responses, although they are also able to favor the formation of free radicalmediated DNA and RNA adducts that are potentially mutagenic [57] . An increasing ER concentration was shown to be associated with tumor promotion, suggesting that the clonal expansion of preneoplastic liver cells requires ERs. Furthermore, EE 2 was shown to increase EGFR number and binding of EGF (known to be a potent mitogen for liver), which suggests that this is one of the mechanisms by which EE 2 may contribute to clonal expansion of initiated cells [59] [60] [61] .
A finding in experimental carcinogenesis in mice, which is also of extreme interest for human carcinogenesis, is the higher susceptibility of almost all strains of male mice both to spontaneous or carcinogen-induced carcinogenesis [62] [63] [64] [65] [66] . This has been attributed to opposite effects of sex hormones, testosterone increasing the risk of tumor development while estrogens have the opposite action [67, 68] .
Later studies have shown that modulation of susceptibility to develop HCC involves a complex net of players, of which estrogens are one.
Figure 1. Estrogens influence all the different types of cells present in the liver (i.e. hepatocytes, endothelial cells, hepatic stellate cells and Kupffer cells).
Estrogens favor DNA synthesis in hepatocytes and upregulation of eNOS in endothelial cells while inhibiting the release of proinflammatory cytokine and oxygen radicals from Kupffer cells. By decreasing endothelin levels, they inhibit hepatic stellate cells' contraction. eNOS: Endothelial nitric oxide synthase; NO: Nitric oxide; ROS: Reactive oxygen species.
Women's Health (2008) 4(1) future science group future science group GH is certainly one of them: several studies have demonstrated that GH overexpression favors development of liver tumor [69] , while the absence of GH eliminates the modifications of susceptibility determined by sex hormones and/or genetic background [70] . Similar effect has been obtained by ablating IL-6 [71] . In this paper, it has been shown that diethylnitrosamine administration was able to cause greater increases in serum IL-6 concentration in males than in females and that ablation of IL-6 abolished the gender differences in hepatocarcinogenesis in mice. Of notable interest is the fact that the marked decrease of HCC incidence obtained by IL-6 ablation was seen only in IL-6 knockout ( -/-) males but not in IL-6 -/females. The authors therefore suggested this to be a relevant mechanism to better explain the constant male prevalence of HCC [71] . However, the authors themselves demonstrated that estrogen inhibited secretion of IL-6 from Kupffer cells exposed to necrotic hepatocytes and reduced circulating concentrations of IL-6 in diethylnitrosaminetreated male mice. Therefore, it could be hypothesized that the relevant events in liver carcinogenesis are, indeed, directly dependent on the action of estrogens.
Human liver carcinogenesis Benign liver tumors
In humans, the chronic use of estrogens has been associated in the past with increased risk of developing liver tumors such as benign nodular hyperplasia and hepatocellular adenoma (HCA). HCA is characterized by benign proliferation of hepatocytes, which may be steatotic or show glycogen storage, in an otherwise normal liver. Mitosis or cholangiolar proliferation are rare. In HCA, at least three different molecular pathways (HNF1α inactivation, β-catenin and inflammatory activation) have been recognized. HCAs with inflammatory characteristics are found mostly in patients with a high BMI and excessive alcohol consumption, suggesting that the latter may have a direct initiating role. In women with HCA associated with oral contraceptives use, all three molecular subtypes are equally represented [72] . While a few case reports of malignant transformation of HCA in HCC have been described [73] , a recent metaanalysis of observational epidemiological studies, which examined the association between oral contraceptives and HCC, showed no conclusive relationship between oral contraceptives and risk of HCC [74] .
Hepatocellular carcinoma
Far more complex is the situation regarding spontaneous (or disease-related) modifications of sex-hormone balance and development of HCC. It has long been known that patients (especially males) with chronic liver diseases have marked alterations of the sex-hormone balance, resulting in a 'feminized' phenotypic appearance [75] [76] [77] . Serum estradiol:testosterone ratio is higher in individuals with HCC and cirrhosis than in normal individuals or individuals with cirrhosis alone [42, 75] . The mechanisms underlying these alterations are diverse and can be attributed to altered hormone metabolism due to chronic liver disease, failure of the hypothalamus/pituitary/gonadal axis and direct effect on gonads by toxic agents (i.e., alcohol).
ERs (especially ERα but, to a lesser extent, also ERβ) have also been extensively studied in CLD. Early results for ERα were extremely variable, depending on the heterogeneity of the methods used and of the samples tested. When studying CLD during its progression, a trend towards a slight increase in ERα capacity was demonstrated [42, 47] . Investigation of ERβ in CLD and in HCC has shown the presence of all possible combinations of ERα and ERβ without a clearcut association of type of association and clinical or pathological characteristics of the tumor [47] .
Although ERs in HCC are evidently functional, their specific role in promoting or maintaining carcinogenesis is still not clear, as a simple increase in their levels may not be sufficient to determine relevant biologic consequences. The scarce results of classical antiestrogenic drugs such as tamoxifen in the palliative treatment of inoperable HCC, reviewed in a recent meta-analysis [78] , raise further uncertainties regarding the significance of hepatic ERs. Even the evaluation in the liver of ERs by immunohistochemistry, as in the study by Liu et al. [79] , was not useful for the interpretation of results. The presence of hepatic ER receptors did not relate with treatment failure, course of disease or survival, perhaps as the method used was too insensitive to pick up low-level hepatic ERs.
In breast cancer, the identification of ER-/PgR+ tumors suggested the existence of ERs that are defective in estrogen binding but still functional in stimulating estrogen-responsive genes such as those coding for progesterone. This variant ERα (ERα δ5) is derived from an exon 5-deleted transcript giving rise to a protein lacking the hormone-binding domain but able to future science group future science group www.futuremedicine.com constitutively activate transcription of a normally estrogen-dependent gene construct in yeast cells [80] . This variant has been associated, in breast, with the development of an aggressive pathological phenotype and with the progression from hormone dependence to hormone independence [80] [81] [82] . Its presence in the liver has been demonstrated both in cirrhotic and tumoral tissue; in some tumors, it predominates and sometimes becomes the only form expressed, especially in males [83] . In subjects with ERα δ5, growth rate of HCC and occurrence of multinodular HCC is significantly higher [47] , and spontaneous survival significantly worse, than in patients with tumors expressing the wild-type form (wtERα) [84] . It is of special interest that ERα δ5 is often predominant in HBV-infected patients [83] . Starting from this finding, a recent study by Han et al. has thoroughly investigated the interaction between ERα, ERα δ5 and HBV (namely HBx, its putative oncogenic protein) [85] . ERα δ5 has been shown to exert a dominant negative activity in hepatoma cells when expressed together with wtERα. Furthermore, HBx decreases ERα transcriptional activity and this inhibition is specific, as HBx deletion mutant that lacks the ERα-binding site abolishes HBx repression of ERα. On the whole, HBx and ERαδ5 have an additive effect on inhibition of ERα signaling, possibly through recruitment of histone deacetylase 1 (HDAC1). The exact understanding of these mechanisms could also have therapeutic implications as HDAC inhibitors such as trichostatin have potent antitumor activity in vitro and in vivo [86] .
The presence of ERα δ5 also has prognostic [87] and therapeutic implications [88] ; certainly, its presence identifies a subgroup of HCC with extremely rapid progression of disease.
Conclusion
It is not easy to reconcile the different aspects of experimental and human carcinogenesis with the role of estrogens in a coordinate hypothesis: there are, in fact, elements that seem to support a role in favoring carcinogenesis and others that seem to suggest the opposite.
In the experimental setting, estrogens, when administered prior to the initiating event, are mostly protective against HCC development. To acquire promoting properties, they must be administered after initiation. In humans, it is certainly more difficult to evaluate their role and to demonstrate that they can be protective against HCC development, as it is almost impossible to define the timing of the initiating event, as it is usually performed in the experimental setting. However, epidemiological data in humans constantly point towards the favorable role played by female sex: lower HCC incidence, better response to treatment and better survival, at least during fertile age.
Recent experimental data have suggested different gender-related explanations for the most puzzling characteristic of HCC (i.e., male susceptibility). These studies suggested that male susceptibility may be attributed to molecular pathways (such as IL-6/Myd88 or GH), which are regulated according to a strict gender dimorphism [70, 71] . However, going into the details of these studies, it is clear that the same results, obtained by knocking down these pathways, are obtained by eliminating or administrating estrogens. Therefore, the critical factor in defining gender susceptibility to HCC seems to be gender.
To be born a female seems to be the key to protection: females live between the ages of 10 and 50 years in an estrogen-permeated environment. Therefore, it is likely that when they come into contact with the possible initiating factor, they are in a less-susceptible condition than males. It is not the case that HCC incidence in females increases sharply some time after menopause. If these considerations are proved true, it will be more difficult to use estrogens as chemopreventive agents in males, as it will be extremely difficult to identify the exact timing of administration, as the encounter with the possible risk factor will be difficult to guess.
Future perspective
It is increasingly clear that inflammation plays a relevant role in the pathogenesis of liver cancer. The main risk factors for CLD (HBV, HCV and alcohol), giving rise to a state of continuous inflammation, play a relevant role in increasing HCC risk. Therefore, it will be extremely relevant to understand therapies that, like IFN (which controls the inflammatory state) or nucleoside analogues (which suppress viral replication), will be able to substantially decrease the risk of HCC development by interfering with the hepatitic process, possibly through an estrogen-mediated downregulation of the highly activated IL-6/Stat3 pathway.
Deeper investigation of the relationship between HBV and ER signaling is desirable: the demonstrated interaction between HBx, ERα and ERα δ5 suggests the opportunity of exploring ERα agonists (also as substances present in the diet, such as the phytoestrogens) as chemopreventive or therapeutic agents. Restoration of the transcriptional activity of ERα, inhibited by HBx, and trichostatin A, a specific inhibitor of HDAC enzyme, suggests additional therapeutic opportunities, as HDAC inhibitors have already been used to inhibit cancer cell growth in vitro and in vivo.
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Executive summary
Epidemiology
• Liver cancer is the fifth most common cancer worldwide and despite ultrasonographic surveillance strategies, its incidence is rising, especially in western countries. • Males are predominantly affected worldwide: they also have worse response to surgery and lower survival. • Cirrhosis (mostly due to hepatitis viruses and/or alcohol) is the common pathological background.
Experimental studies
• Almost all strains of male mice display higher susceptibility to spontaneous or carcinogen-induced carcinogenesis. • Estrogen administration may promote carcinogenesis but only after previous initiation; without initiation, they fail to increase tumor formation.
Human studies
• Sex-hormone balance is altered in patients with chronic liver diseases (especially in males).
• Estrogens receptors (ER; both α and β) show slight modifications during progression of chronic liver disease, but it is not easy to relate their status to risk of development of hepatocellular carcinoma (HCC). • Presence of ERα δ5 characterizes a subgroup of HCC with extremely rapid progression of neoplastic disease. ERα δ5 interacts with the putative oncogenic protein of HBV.
Conclusion
• Overall, experimental and human data indicate that estrogens may play a relevant role in protecting females from developing HCC.
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